In order to improve the therapeutic effectiveness of photodynamic therapy with Photofrin II and laser light for superficial esophageal cancer, we employed an excimer dye laser instead of an argon dye laser. Eight superficial esophageal cancer lesions (7 cases) were treated. Of these 8 lesions, 6 were cured by initial treatment, while one lesion required another treatment. The final rate of cure was 88% (7/8).
INTRODUCTION
Photodynamic therapy (PDT) is a new method to treat malignant tumors using hematoporphyrin derivative (HpD) as the photosensitizer and a laser as the excitation light source. It also can be employed endoscopically (Dougherty et al., 1979; Hayata et al., 1982) . This method kills malignant cells through a photochemical reaction, rather than through heat. Because HpD has a higher affinity for malignant tissue than for normal tissue, after intravenous injection it is concentrated more and retained longer in malignant tissue than in normal tissue (Lipson and Baldes, 1960) . Stimulation by low-power laser light to irradiate the tumorous lesion and surrounding area causes release of singlet oxygen from HpD, and malignant tissue can be destroyed selectively (Okuda et al., 1984; Weishaupt et aL, 1976) . Tumor ischemic necrosis as a result of microvascular occlusion is also involved in the tumorcidal process (Star et al., 1986) .
From 1981 to 1990, we have treated seven superficial esophageal cancer lesions (six cases) by PDT with an argon dye laser (ADL, models 171-08 and 375-03, Spectra-Physics, Mountain View, Calif., US). The results showed that PDT is very effective for all morphologic superficia esophageal cancer except for the protruding type.
However, analyzing results according to the depth of cancer invasion in these seven lesions, the rate ofcure for submucosal carcinomas was only 33% (1/3), whereas that of mucosal carcinomas was 100% (4/4) as shown in Table (Mimura, Ichii and Okuda, 1991) . These data can be interpreted to indicate that the ADL laser beam could not penetrate and supply sufficient energy to activate HpD in the submucosal layer.
In 1990, therefore, we investigated an excimer dye laser (EDL, Hamamatsu Photonics, Hamamatsu, Japan) as an excitation light source for PDT, because its low-power pulsed beam was expected to be more efficient at exciting HpD than continuous wave lasers such as ADL and high frequency pulsed lasers such as copper vapor dye laser (CuVDL). In animal tumors it was proved that EDL is superior to ADL in teams of photodynamic action (Okunaka et al., 1992) .
In On the other hand, if PDT failed to eradicate even a small portion ofthe cancerous lesion, the treatment was rendered useless. Therefore, a grade of partial response was classified as no cure in our evaluation (Mimura et al., 1990) .
RESULTS
Of these eight superficial esophageal cancers, six were cured by initial PDT, whereas one lesion required another PDT to obtain a complete cure. The final rate of cure was 88% (7/8) as shown on Soon after injection of PHE, the patients were placed in a dark room not only to protect them from photosensitivity disease but also to prevent the photosensitizer from losing its biologic effect. After PDT, the patients were kept in bed without oral feeding and were given continuous intravenous glucose and saline with an H2-blocker and antibiotics for two days to allow healing of ulcers. During this period, the patients were kept in dim light, and their faces and hands were coated with antisunburn cream. These restrictions were gradually reduced, and the patients returned to normal conditions after week .
Evaluation of Response
The response was evaluated by endoscopy with biopsy and cytology in follow-up examinations. When the ulcer caused by treatment entered the healing stage 4 weeks later, the patient was discharged. They were followed up by endoscopy 2, 3, and 6 months later, then every 6 months for 2 years, and thereafter once a year. To detect metastasis to the lungs, liver, and mediastinal lymph nodes, the patients were also followed up by chest X-ray, ultrasonic echography, and computed tomography. Figures 1-6 . Endoscopically, the finding was suspicious for submucosal invasion and squamous cell carcinoma was diagnosed by biopsy. Figure shows the finding before treatment, Figure 2 shows the finding after staining by iodine. The lesion was located in the middle part of the esophagus and spread over 7 cm2. Figure 3 shows the finding immediately after the irradiation (60 J/cm2) with the EDL, showing edematous swelling. One week later, a large, shallow ulcer developed, as shown in Figure 4 . Four weeks later the ulcer healed as shown in Figure 5 . Some minute nodules can be seen in the region of the scar; however, biopsy revealed no evidence of malignancy. Figure   6 shows the iodine stain finding 6 months later. Two small unstained spots can be seen in the scar lesion, but both were negative for malignancy histopathologically. tion. In general, the method is suitable for relatively small mucosal carcinomas.
Various techniques have been developed for the second type of treatment, local destruction, including microwave coagulation and Nd:YAG laser irradiation. Wider and deeper lesions can be destroyed using these techniques, but excessive treatment to obtain complete cure may cause perforation of the esophageal wall. PDT is yet another approach to the local destruction of malignant tissue. Much progress in PDT was made during the first half of the 1980s, and good results have been reported on its use for the treatment of superficial esophageal cancers, especially depressed types, without any report of perforation (Okushima, 1987) . Figure 5 Four weeks later, the ulcer had healed and some minute nodules could be seen in the region of the scar. However, biopsy showed no evidence of cancer. Figure 6 Shows the iodine-stained feature at 6 months after PDT by electronic endoscope. Two small, unstained spots in the scar were both negative for malignancy by biopsy. This case has been followed up for 3 years after PDT and has shown no sign of recurrence.
Resection first should be considered to resect the entire lesion as much as possible, and PDT should be considered as the treatment of choice only for unresectable lesions.
Side-Viewing Fiberscope
In PDT for gastric cancer, we used a side-view fiberscope (model GF-20, Olympus, Tokyo, Japan) to irradiate the lesion at an angle of 90 , keeping a certain distance between the fiber tip and the lesion since the first trial in 1981.
However, in PDT for esophageal cancer, we used front-view fiberscope (model GIF-P10, GIF-XQ20) according to the traditional method of diagnostic endoscopy until 1991. Since the first trial using a side-view fiberscope in PDT for esophageal cancer in 1992 (Mimura and Imanishi, 1993) 
Dose and Response
The relationship between response (cure or no cure) and irradiated energy intensity (dose: J/cm2) was evaluated in terms of depth of cancer invasion and kind of laser used in PDT in Figure 7 to determine how much energy was required for a complete cure in superficial esophageal cancer and to compare the efficacy of the ADL and EDL.
In 1981 when we started using PDT for esophageal cancer, little information was available on how much energy was required for a complete cure. Therefore, based on a report (Tomson et al., 1974) .
These characteristics of the three kinds of laser are shown in Table 4 . With the EDL, the efficacy of PDT improved not only for esophageal cancer but also for gastric cancer. It is difficult to determine the most important individual factor determining the biologic effect of a pulsed laser in PDT, but our studies suggest that the most important factor is peak power. We postulate that pulsed laser light has several functions, not only of activation of HpD and heat, but also an unknown effect. It may be the effect of a shock wave (Mimura et al., 1992) .
CONCLUSION
PDT with PHE and the EDL is a safe and promising alternative for the treatment of patients with superficial esophageal cancer who are poor risks for surgery and in whom mucosal resection is difficult.
